OBJECTIVE -The study's goal was to evaluate the performance of A1C and fasting capillary blood glucose (FCG) tests as mass screening tools for diabetes and pre-diabetes, as determined by the standard oral glucose tolerance test (OGTT).
T ype 2 diabetes has become a serious public health threat worldwide, and it leads to increased premature mortality and morbidity including blindness, renal failure, amputation, and cardiovascular disease. Diabetes and its complications may occur several years before a clinical diagnosis is made. Mass screening for diabetes can lead to an early diagnosis and timely treatment or intervention, which have been shown to reduce diabetesassociated complications and to prevent or delay the onset of diabetes per se. Currently, diabetes and pre-diabetes are classified according to the 2-h 75-g oral glucose tolerance test (OGTT) (1) , which has been considered as a standard diagnostic criterion for diabetes for several decades. However, there are several limitations associated with the OGTT. These limitations include the uncertainty of the fasting stage, the poor reproducibility of the 2-h glucose tests (2) , and the poor concordance between the fasting plasma glucose (FPG) and the 2-h plasma glucose levels (3) .
The capillary blood glucose test is a point-of-care determination and involves only one finger prick. Because it is easy to use and cheap, it is applied as a first-step screening test for mass screening of subjects in either the fasting (4, 5) or the random (4) state. In contrast, A1C is the mean of the long-term glucose level and does not require the subject to be in a fasting state with only one blood sample drawn. It is used to monitor glucose levels in diabetic individuals who have received antihyperglycemic treatment. Because the A1C test is less standard and relatively expensive, it is not widely available. Consequently, its use in mass screening has been limited. Data on the performance of the A1C test in mass screening for diabetes are still lacking. In the light of the recent development in standardizing the method of A1C measurement (6) , the A1C test has been adopted as a diagnostic criterion for diabetes (7) . To evaluate the performance of the A1C as a mass screening tool for diabetes as determined by OGTTs in a general population and to compare its performance with that of the FCG test, data from a population-based study in Qingdao, China, were analyzed.
RESEARCH DESIGN AND
METHODS -A population-based cross-sectional diabetes survey was conducted in Qingdao, China, in 2006. A stratified, random cluster sampling method was used to recruit a representative sample of those in the general population who had lived in Qingdao city for at least 5 years. The survey was conducted in three urban and three rural administrative areas. Five resident communities from each area with 200 -250 individuals from each community were randomly selected. A total of 6,100 individuals aged 35-74 years were invited to participate in the For data analysis strict inclusion criteria were applied: 1) undiagnosed diabetes identified based on both FPG and 2-h plasma glucose criteria; 2) data for both A1C and FCG; and 3) no data missing for BMI, waist circumference, and blood pressure. A total of 2,332 (986 men and 1,346 women) individuals met the strict inclusion criteria. By using the strict inclusion criteria, we were able to correctly classify diabetes status and to compare A1C with FCG, but at the cost of reducing the sample size by 51.5% (2,476 of 4,808). To check whether this strategy biased the results, a sensitivity analysis was performed including all individuals with either A1C (n ϭ 4,203) or FCG (n ϭ 4,371) test values regardless of missing data for either FPG or 2-h plasma glucose. Undiagnosed diabetes was, thus, classified according to either FPG or 2-h plasma glucose criteria in the sensitivity analysis. The survey was approved by the Qingdao Municipal Health Bureau and the local ethics committee, and informed consent was obtained from all participants.
Participants were interviewed by trained doctors or nurses in the local community clinics. Height and weight were measured with the participants wearing only light clothes and without shoes. Waist circumference was measured at the middle point between the rib cage and top of the iliac crest to the nearest 0.1 cm. Three consecutive blood pressure readings were recorded at least 30 s apart. They were taken from the upper right arm of seated individuals, and the mean of the three readings was used in the data analysis. BMI was calculated as weight in kilograms divided by the square of height in meters.
After an overnight fast of at least 10 h, survey participants in their respective survey sites were given the FCG test over the 0700 -0930 period, using a Bayer Ascensia BRIO blood glucose monitoring system that was calibrated to give capillary plasma/serum glucose equivalent results (Bayer HealthCare Company, Shanghai, China). A standard OGTT was also performed on the same day over the 0700 -1130 period, and blood samples for glucose determinations were collected from the antecubital vein into a vacuum tube containing sodium fluoride. All blood samples were analyzed in the central laboratory of Hiser Medical Center. An Olympus AU system (Olympus, Tokyo, Japan) was used for plasma glucose, A1C, serum total cholesterol, triglycerides, and HDL cholesterol levels. Plasma glucose levels were determined using the glucose oxidase method. A1C was measured using an immunoturbidimetry method (Tina-qu.a A1C HIT 917 large; Roche Diagnostics). The A1C concentration was calculated by using the formula provided by Roche Diagnostics: [calculated A1C (%) ϭ 0.81 ϫ A1C (test result) ϩ 2.39] to match the values with those found in a conventional highperformance liquid chromatography method. The calculated A1C was subsequently used in the data analysis. Previously diagnosed diabetes was defined as self-report of diabetes diagnosed by a doctor and/or on information on treatment, and subjects with diagnosed diabetes were excluded from the analysis. According to the World Health Organization definition (1), newly diagnosed diabetes is defined as having either FPG Ն7.0 mmol/l and/or 2-h plasma glucose Ն11.1 mmol/l. IGT is defined as having FPG Ͻ7.0 mmol/l and 2-h plasma glucose Ն7.8 mmol/l and 2-h plasma glucose Ͻ11.1 mmol/l. Impaired fasting glucose (IFG) is defined as having FPG Ն6.1 mmol/l and FPG Ͻ7.0 mmol/l and 2-h plasma glucose Ͻ7.8 mmol/l. Normal glucose tolerance (NGT) is defined as FPG Ͻ6.1 mmol/l and 2-h plasma glucose Ͻ7.8 mmol/l.
Statistical analysis
Statistical analysis was performed using SPSS for Windows 15.0 (SPSS, Chicago, IL) and STATA 9.1 (StataCorp, College Station, TX). Continuous variables are presented as means (95% CI), and categorical data are given as number (percentage). Correlations between variables were assessed by Pearson correlation coefficient. The differences between the means of the groups were tested using a univariate general linear model with adjustments for age, and categorical data were analyzed by using the 2 test. The sensitivity and specificity of the A1C and FCG cutoff values for detecting newly diagnosed diabetes, pre-diabetes, or newly diagnosed diabetes plus pre-diabetes based on the OGTT response were calculated. The receiver operating characteristic (ROC) curve was obtained by plotting sensitivity against 1 Ϫ specificity for each cutoff value. The optimal cutoff point was identified as the coordinate closest to the y intercept (0,1) of the ROC curve, and at this point, the sum of the sensitivity and the specificity is maximal. Diagnostic accuracy was assessed by the area under the curve (AUC) (9) .
RESULTS -The respective prevalence of pre-diabetes and newly diagnosed diabetes among the participants was 29.5 and 11.9%. Individuals of both sexes with pre-diabetes and newly diagnosed diabetes were older, more obese, hypertensive, dyslipidemic, and insulin resistant and had poorer ␤-cell function (estimated by HOMA-B) compared with individuals with NGT ( Table 1 ). The correlation coefficients of the A1C with FPG (0.57) and 2-h plasma glucose (0.61) were higher in diabetic individuals than in nondiabetic individuals (Ϫ0.32 and 0.001, respectively).
As expected, diabetic individuals of both sexes with A1C Ն6.5% had higher mean FPG or 2-h plasma glucose and also poorer ␤-cell function than diabetic individuals with A1C Ͻ6.5%. However, this was not the case in the nondiabetic individuals (Table 2 ). Among nondiabetic individuals, participants of both sexes with A1C Ն6.5% had a lower prevalence of IGT and/or IFG and lower mean FPG and triglycerides than those with A1C Ͻ6.5% (Table 2) .
The AUC was lower for A1C than for FCG for detecting newly diagnosed diabetes (0.67 vs. 0.77, P Ͻ 0.01, in men; and 0.67 vs. 0.75, P Ͻ 0.01, in women) and pre-diabetes (0.47 vs. 0.64, P Ͻ 0.001, in men; and 0.51 vs. 0.65, P Ͻ 0.001, in women) (Fig. 1) . Moreover, for newly diagnosed diabetes plus prediabetes, the AUCs for A1C and FCG values were 0.53 vs. 0.69 in men (P Ͻ 0.001) and 0.55 vs. 0.68 in women (P Ͻ 0.001).
Performance of A1C for detecting diabetes
The A1C values did not distinguish people with pre-diabetes from those with NGT. The chance-corrected proportion agreement () for classification of diabetes between the criteria of the OGTT and the A1C of Ն6.5% that are recommended by the International Expert Committee (7) was 0.20 in men and 0.14 in women. The optimal A1C cutoff point for newly diagnosed diabetes in this study population at 5.6% was lower than the recommended value of 6.5%. At the optimal A1C cutoff point of 5.6% for newly diagnosed diabetes, the sensitivity was 64.4% in men and 62.3% in women, whereas it was 72.0 and 65.1% at the optimal FCG cutoff point of 6.3 mmol/l for men and 6.6 mmol/l for women (Table 3) . Using the recommended diagnostic value of 6.5% for A1C (7), the sensitivity for newly diagnosed diabetes was Ͻ30% in both men and women. The optimal FCG cutoff value and the corresponding sensitivity for pre-diabetes and pre-diabetes plus newly diagnosed diabetes are shown in Table 3 .
To check whether the results were biased by excluding half of the survey participants from the data analyses, a sensitivity analysis was made using the maximum number of participants for either A1C or FCG. was not different from those who did not with regard to mean age, BMI, and blood pressure, but the former consisted of more men (42.3 vs. 35.6%, P Ͻ 0.001) and had a slightly higher prevalence of undiagnosed diabetes (11.9 vs. 10.1%, P ϭ 0.04) than the latter as expected.
CONCLUSIONS -In this population-based study, the FCG test performed better than A1C in ability to identify newly diagnosed diabetes as determined by the standard 2-h 75-g OGTT. The A1C test did not distinguish between prediabetic and normal subjects. Less than 30% of the newly diagnosed diabetes could be identified at the A1C cutoff point of Ն6.5%, the diagnostic benchmark recommended by the International Expert Committee (7). In previous studies, the optimal A1C cutoff points for detecting undiagnosed diabetes ranged from 5.3 to 6.1% in population-based studies among Australian and American populations (10 -12) . In those studies the sensitivity varied from 63.2 to 86.0%, and the specificity ranged from 82.8 to 97.4% at a given optimal A1C cutoff point. In a study among Hong Kong Chinese who were referred to a hospital for confirmative testing for glucose intolerance, an optimal A1C cutoff point of 6.1% for detecting 2-h plasma glucose Ն11.1 mmol/l was reported, which gave a sensitivity of 77.5% and a specificity of 78.8% (13) . This Hong Kong study was, however, performed among a preselected high-risk population of which close to one-fourth of its participants were diagnosed as having diabetes. Moreover, the diagnostic criteria for diabetes in the Hong Kong study were also different from those used in our study. The inconsistency in performance of the A1C test among studies may have been due to the discrepancies in ethnicity, assay methods for A1C, the gold standard for diagnosis of diabetes, study methodology differ- ences (population-based versus clinical based), and the prevalence of other risk factors such as obesity. The extent to which these factors affect the performance of the A1C needs to be further investigated. However, our results are consistent with other studies showing that the A1C test did not detect IGT (11, 14, 15) .
Few studies have evaluated the performance of the FCG test. In a randomly selected population-based study in Brazil, the optimal FCG cutoff point for undiagnosed diabetes was 5.6 mmol/l, which gave a sensitivity of 87.2% and a specificity of 72.4% (16) . Another study compared FCG with A1C assays among Caucasians who were referred to a hospital because they were suspected as having diabetes (17) . That study also showed that the performance of the FCG test was better than that of the A1C test in detecting either diabetes or diabetes plus prediabetes, which was similar to the findings in our present study.
Prospective studies showed that elevated A1C values increase the risk of mortality from all causes (18, 19) and cardiovascular disease (19) . It was also reported that A1C predicted mortality (20, 21) or incident cardiovascular disease (22) depending largely on either the 2-h plasma glucose (20 -22) or the FPG (21) levels. In our study, the blood pressure and lipid levels in individuals with A1C Ͻ6.5% did not differ from those with A1C Ն6.5%. However, both of these parameters were higher for diabetic and prediabetic individuals than they were for normal subjects as defined by the OGTT. The prognosis of those individuals with A1C Ն6.5% needs to be further investigated in prospective studies.
The large number of individuals included in this population-based study Data are %. *Adopted as the diagnostic criteria for diabetes (7) . NDM, newly diagnosed diabetes.
provided our study with high statistical power for data analyses. Diabetes and prediabetes were defined according to the currently accepted standard criteria based on both FPG and 2-h plasma glucose levels. All individuals included in the analysis provided data on FCG and A1C in addition to the OGTT. These individuals also yielded data on lipid and insulin, which enabled us to study further the clinical phenotypes of individuals of different glycemic categories. Because of the strict inclusion criteria for glucose and other variables, only 55% of the population who had A1C measurements were included in the data analyses. To check whether the results have been biased by the strict inclusion criteria, a sensitivity analysis using all data available for the A1C was made. The results of the sensitivity analysis showed that the study was less likely to be biased by the strict inclusion criteria applied in the study. The high prevalence of diabetes observed in this study reflects the recent increase in the prevalence of diabetes in Qingdao, which has been investigated in detail and reported (23, 24) . The question as to whether the result can be found in other populations remains to be confirmed. Another limitation of our study is that hemoglobin concentrations were not available, and, thus, a potential influence of conditions such as hemolytic anemia and hemoglobinopathies on A1C assays cannot be excluded. Nevertheless, these conditions are rare in the general population from which our study population was drawn. The prevalence of abnormal hemoglobin in the Shandong province in which Qingdao is located is only 0.04% (25) . In summary, as a mass screening tool, the FCG test performed better than the A1C test in the general population of Chinese. In consideration of its high cost and poor performance, the A1C test is not a suitable test for mass screening, particularly with the purpose of detecting prediabetes for early intervention.
